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RELATIONSHIPS BETWEEN BODY SIZE OF ANOPHELES
MOSQUITOES AND PIASMODIUM FALCIPARUM SPOROZOITE RATES
ALONG THE KENYA COAST
JOSEPH M. MWANGANCI,I CHARLES M. MBOGO,' JOSEPH G. NZOVU,I EPHANTUS W. KABIRU,'
HENRY MWAMBI,T JOHN I. GITHURE,4AND JoHN C. BEIERs
ABSTRACT The influence ofbody size of Anopheles gambiae s.s., Anopheles arabiensis, Anopheles merus,
and' Anopheles funestus on the transmission of P/aszodium falciparum was studied at 3 sites along the Kenyan
coast. Adult mosquitoes were collected inside houses by pyretlrum spray collection (PSC) from April to Sep-
tember 20O1. Wing length was measured microscopically to the nearest 0.01 mm as an index of mosquito body
size. The P. falciparum circumsporozoite protein (CSP) was detected by enzyme-linked immunosorbent assay
technique. A total of 1,715 anopheline mosquitoes were collected, of which 785 (45.77Eo) were An. gambiae
s.s.,54 (3.75Vo) An. arabiensis, An. merus 27 (1.57Vo), and 849 (49.5Eo) were An. funestus. The mean wing
length for An. gambiae s.s. was 2.94 mm and that of An. funestus was 2.50 mm. There was no site-to-site
variation in the body size of An. gambiae or An. funestus. There was no significant difference in wing length
between sporozoite-infected and uninfected An. gambiae s.s., and the same was found for An. funestus. At the
3 rural coastal sites in Kenya, the efficiency of malaria parasite transmission does not appear to be influenced
by variation in vector body size.
KEY WORDS Anopheles gambiae, An. funestus, wing length, sporozoite rates, ELISA, malaria transmission,
circumsporozoite protein
INTRODUCTION
In mosquitoes, body size has been shown to af-
fect factors such as longevity (Nasci 1987, Packer
and Corbert 1989), fecundity (Renshaw et al. 1994,
Hurd et al. 1995), and blood meal volume (Xue et
al. 1995, Takken et al. 1998). Among Anopheles,
intraspecific variation in body size is inversely cor-
related with the need for multiple blood meals to
complete the gonotrophic cycle, and this strongly
influences vectorial capacity (Hurd et al. 1995,
Hogg et al. 1996). Wing length is the most com-
monly used and readily available measure of body
size of mosquitoes, showing good correlation with
dry weight (Nasci 1987, Renshaw et al. 1994). Var-
iability of body size within mosquito populations
as a factor affecting malaria transmission has re-
ceived only little attention, although some studies
have shown that it affects pattems of transmission
(Dye and Hasibeder 1986, Kingsolver 1987, Koella
1 9 9 1 ) .
Body-size variation within populations has been
observed for many mosquito species (Fish 1985),
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including Anopheles gambiae s.1., the main vector
of malaria in Africa (Gillies and Coetzee 1987).
Kitthawee and colleagues (1990) artificially fed 4
size classes of laboratory-reared Anopheles with
Plasmodium falciparum and showed that the largest
size developed the highest number of oocysts,
though the proportion of infected mosquitoes was
independent of size. In the study of Lyimo and
Koella (1992), intermediate-sized mosquitoes were
found to harbor more sporozoites than the other siz-
es of Anopheles mosquitoes. They further found
that the large number of oocysts in mosquitoes re-
sulted in a higher mortality rate, which makes them
less important for the transmission of malaria par-
asites. Earlier studies found no relationship between
weight of Aedes aegypti and probability of infection
by Plasmodium gallinaceum (Horanitz 1947) orbe-
tween wing length of Anopheles stephensi and the
number of oocysts of Plasmodium yoelii nigeriensis
(Ichimori 1989).
Laboratory studies have shown that small adult
female An. stephensl mosquitoes from larvae
stressed during development may not develop eggs
after their first blood meal (Reisen 1975). Small
females take longer to achieve reproduction and
produce fewer offspring; however, they have a high
frequency of blood feeding during the first gono-
trophic cycle and have greater chances of picking
up and transmitting malaria parasites at an early
age. Consequently, they also run a greater risk of
being killed by any domestic mosquito control
measures, including personal-protection activities
(Curtis 1992). There is a lack of information on the
body size of Anopheles mosquitoes along the Ken-
yan coast and how it influences malaria parasite
transmission. There are different larval habitats at
coastal Kenya (Mwangangi 2002), which may con-
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tribute to different sizes of Anopheles mosquitoes.
The objective of this study was to determine the
relationship between body size of wild-caught An.
gambiae s.s., An. arabiensis, An. merus, and An.
funestus on the P. falciparum sporozoite rates along
the Kenyan coast.
MATERIALS AND METHOD
Study sites
Three collection sites in Kilifi District were se-
lected for this study. These sites are a subset of the
30 sites in the study area described by Mbogo et
al. (2003) and Mwangangi et al. (2003). The cri-
teria for selection were the presence of known
aquatic habitats of anopheline mosquitoes, malaria
vector species composition, and accessibility. The
3 sites lie in the foot plateau, but differ in the ter-
rain and seasonal rivers that transect them. Each
site covers approximately 4 km2 and has a school
at the center. Jaribuni is located at 03"37.3"5 and
039'44.6'8. River Jaribuni traverses the site with
several small pools of water and vegetation along
both sides. Majajani, located at 03'39.5"5 and
039"47.2'8, has an almost flat terrain. A stream
passes through the area with several swampy pools
and water-logged man-made depressions. Mtepeni
lies at 03"54.5"5 and 039"43.6'E and has a seasonal
stream passing through the area, which has a hilly
terrain compared with the other 2 sites. The houses
are mainly mud walled and roofs are thatched with
palm leaves. The vegetation consists mainly of
shrubs and bushes. Inhabitants are mainly farmers,
growing maize and cassava for subsistence and
cashew nuts, mangoes, and coconuts as cash crops.
Domestic animals kept include cows, goats, and
sheep.
Weekly entomological sampling was conducted
at each site from April to October 2001. At each
site, 10 houses randomly selected were sampled for
indoor resting mosquitoes by the pyrethrum spray
collection (PSC), (WHO 1975). The mosquitoes
were placed in Petri dishes, labeled, and then
placed in a cool box for transportation to the lab-
oratory for analysis.
Laboratory processing
Anopheline mosquitoes were identified morpho-
logically as An. gambiae complex, An. funestus,
and other Anopheles using the key of Gillies and
Coetzee (1987). 'fhe An. gambiae complex were
further identified to sibling species by polymerase
chain reaction (PCR) (Scott et al. 1993). Briefly,
rDNA was extracted from single mosquito triturates
using the method described by Collins and col-
leagues (1987). Eight microliters of the sample
DNA were then used as template for PCR ampli-
fication. Each amplified sample was run in l.8Vo
horizontal agarose-Tiis-Boric acid-EDTA gels and
visualized by a UV transilluminator.
The mosquitoes were then placed in vials ac-
cording to the house number, date of collection, and
site, and were dried on calcium sulphate (driarates)
for at least 1 wk before the next procedure. The
Anopheles mosquitoes were cut transversely be-
tween the abdomen and the thorax. The wings were
removed gently with forceps and mounted on a mi-
croscope glass slide using Distyrene Plasticizer Xy-
lene mountant and measured to the nearest 0.01
mm with an ocular micrometer from the distal end
of the alula to the wing tip, excluding the fringe
scales. The vials with head and thorax region were
given a number corresponding with the abdomen
and the wings. The vials with head and thorax re-
gion were kept in the freezer at -2OoC until testing
for P. falciparum sporozoites.
Plasmodium falciparum sporozoite ELISA
The head and thorax of each individual mosquito
was ground using 50 pl of boiled casein blocking
buffer with Nonidet P-4O;2OO pl of blocking buffer
(BB) were then added, bringing the final volume to
25O p"l. Fifty microliter-aliquots were tested by
ELISA using monoclonal antibodies to detect cir-
cumsporozoite (CS) proteins of Plasmodium falci-
parum (Wirtz et al. 1987). The results were read
visually (Beier and Koros 1991).
Statistical analysis
The statistical analyses were done using SPSS
software (Version I I for Windows; SPSS Inc., Chi-
cago, IL). One-way analysis of variance (ANOVA)
was used to test for site-to-site variation of the wing
length of An. gambiae s.s. and An. funestus and also
to test the influence of P. falciparum sporozoite
rates and month. Two-way ANOVA was used to
compare wing length with sporozoite rates and site.
Multiple ANOVA was used to compa.re the Anoph-
e/es species wing length, and Tukey's honestly sig-
nificantly different post-hoc test was performed to
separate the means.
RESULTS
A total of 1,715 anopheline mosquitoes were col-
lected, of which 785 (45.77Vo) were An. gambiae
s.s.,  54 (3.I57o) An. arabiensis, 27 ( l .57Vo) An.
merus, and 849 (49.5Vo) An. funestus (Table l). The
overall mean wing length for An. gambiae s.s. was
2.95 mm: (95Vo confidence interval tCIl 2.93-
2.9'7); for An. arabiensis,2.95 mrn (95Vo CI 2.86-
3.O3); for An. merus, 3.O3 mm (95Vo Cl 2.9O-3 .15);
and for An. fune s tus, 2.50 mm; (9 5 Vo CI 2.48-2.5 1 ).
There was significant wing length variation (F,r.,.r,,,
: 363.61, P < 0.001) in tt.e Anopheles mosquitoes.
The wing length for An. gambiae, An. arabiensis,
and An. merus were significantly longer than those
for An. funestus. There was no significant site-to-
site variation in the wing length of An. gambiae s.s.
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Table l. The mean wing length of Anopheles gambiae s.s., Anopheles arabiensis, Anopheles merus, and, Anopheles
fune.t/,rs collected from the 3 collection sites, along the Kenyan -oast.
Jaribuni Majajani Mtepeni
n l MWL'  95Vo Cl3 957o Cl3 n ' MWL'  95Vo Cl3
An. gambiae s.s
An. arabiensis
An. merus
An. funestus
2.96 2.93-2.99
2.95 2.87*3.04
3.08 2.97-3.20
2.52 2.52-2.53
417
52
23
846
1 3 8
0
I
2.97
2.70
2.60
2.92-3.O2 230
2
2
2.93 2.89-2.97
2.80 0.26-5.34
2.75
I Number of observations.
'  Mean wing length.
3 9570 confidence interval.
(P : 0.408), An. arabiensis (P : O.492) and An.
funestus (P : 0.342); however, An. merus showed
site variation (0.026).
The mean monthly wing length variation and P.
falciparum sporozoite rates for An. gambiae s.s.,
An. arabiensis, An. merus, and An. funestus at the
3 collection sites is shown in ^fable 2. The overall
sporozoite infection rates were l2.3Vo for An. gam,
biae s.s., 9.3Vo for An. arabiensis, 18.5Vo for An.
merus, alad 6.27o for An. funestus. Anopheles gam-
biae had a signiflcantly higher sporozoite rate than
An. funestus at the 3 sites (X2 : 17.31, df : l, P
< 0 .001) .
The sporozoite infection rates for An. gambiae
s.s. were not significantly different (F,,.rrr, : 0.90,
P : 0.408) in the 3 sites. The results further indi-
cate that wing length is independent of P. falcipa-
rum sporozoite infection for An. gambiae s.s. (P :
0.641), An. arabiensis (P : 0.152), An. merus (P
: 0.344), and An. funestus (P : 0.855). Two-way
ANOVA showed that body size is independent of
P. falciparum sporozoite infection (P : 0.804) and
site (P : 0.924), and the interaction between sire
and sporozoite infection is not significant (P :
0.750).
One-way ANOVA results showed that there was
a significant monthly variation in wing length for
An. gambiae s.s. (P < 0.001), An. arabiensls (P :
O.O29), and An. funestus (P : 0.006) at the 3 sites;
however, An. merus had no monthly variation (P :
0.451). The largest mean wing length for An. gam-
biae s.s. was observed in April and May in Jaribuni
and Majajani, while in Mtepeni it was in August
and September. An. funestus were biggest in the
months of June and July and were smallest in April.
DISCUSSION
The results indicated that there were no signifl-
cant difference between the wing length of the spo-
rozoite-infected and uninfected anopheline mosqui-
toes. Thus, wing length does not appear to be a
predetermining factor for the infectivity of An.
gambiae and An. funestus mosquitoes in the 3 study
sites along the Kenyan coast. These findings are
unlike the results of Lyimo and Koella (1992), who
found that the intermediate-sized Anopheles mos-
quitoes had a higher sporozoites infection rate. Al-
though the 3 study sites were ecologically different,
the An. gambiae wing length did not differ signif-
icantly. However, the wing length of An. gambiae
was significantly larger than that of An. funestus in
the study arcas. Anopheles funestus were collected
mostly in Jaribuni, while a few were from Majajani
and Mtepeni. The larval habitats in Jaribuni are dif-
ferent from those in Majajani and Mtepeni. In Jar-
ibuni, most habitats are stream pools (Mwangangi,
2002), which are long-lived, shaded, with clear wa-
ter and are covered with vegetation most of the
year, which are mostly preferred by An. funestus. lt
appears the aquatic habitats utilized by the mos-
quitoes for their oviposition are similar in their nu-
tritional richness (Mwangangi 2OO2); thus, this may
be a contributing factor to their body size similar-
ities.
The coastal strip on Kenya experiences a bimod-
al rainfall pattern with long rains falling between
April and July and short rains in December. There
was a significant monthly variation in the wing
length of mosquitoes. This is because the month of
the year might be wet or dry. The wing length of
An. gambiae s.s. was biggest at the beginning of
the rain season in the months of April and May but
An. funestus body size was biggest in June and July,
which is when most of the habitats were more per-
manent and covered with vegetation. Studies by
Mbogo and colleagues (2003) found that the An.
gambiae and An. funestus show temporal variation
in their abundance and follow the rainfall pattern
characterized by 2 peaks along the Kenyan coast.
This seasonal variation in vector densities and the
corresponding variations in body size depend on
larval habitat availability and conditions of the hab-
itat and the nutritional level. This implies that there
is seasonal variation in vector densities and size
depending on the availability of larval habitats, the
conditions at the habitat, and the environmental
temperature, which are important for larval devel-
opment.
Temperature varies between the wet and dry sea-
sons. At the dry season, temperatures are high
(above 30"C), whereas during the wet season, the
temperafures are lower (28'C). Although during the
dry season, the temperatures are more favorable for
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faster larval development, there is the disadvantage
of habitats drying up. The diminishing habitat re-
sults in inter- and intraspecific competition for re-
sources within the aquatic habitat. Even though the
development is faster, small-sized mosquitoes are
produced due to the stressful conditions.
In conclusion, there is evidence that, at the 3 ru-
ral sites in coastal Kenya, the efficiency of malaria
parasite transmission does not appear to be influ-
enced by variation in vector body size. The vecto-
rial system, An. gambiae s.s., Ar?. arabiensis, An.
merus, and An. funestus along the Kenya coast are
known to be anthropophagic and endophilic
(Mwangangi et al. 2003b) and are efficient vectors
of malaria parasites, indicating that differences in
body size do not affect their transmission dynamics.
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